Abstract. The polarographic behavior of 1-(Toluenyl sulfonyl)-3-amino-4-(2'-nitro aryl hydrazono)-2-pyrazolin-5-one and 1-(Toluenyl sulfonyl)-3-amino-4-(4'-nitro aryl hydrazono)-2-pyrazolin-5-one is investigated in the acidic as well as in basic media. The compounds gave two well defined, diffusion controlled, irreversible waves in Britton-Robinson buffers of pH range 1.0-7.0. In alkaline medium three well defined, diffusion controlled and irreversible waves were obtained. Effect of various solvents, cations and surfactants on the reduction is presented. The effect of substituent and its correlation with the Hammett substituent constant (δ) is detailed. Based on the results, a detailed reduction mechanism in acidic as well as basic media is proposed.
Introduction
Pyrazoles refer to the class of heterocyclic compounds containing a five membered aromatic ring composed of three carbon atoms and two nitrogen atoms in adjacent ring positions. Pyrazoles have an extensive history of application in agrochemical and pharmaceutical industry for varied purposes. Pyrazole derivatives have been reported to demonstrate a broad spectrum biological activity including antibacterial [1] , antimicrobial [2] , antifungal [3] , antitumor [4] , analgesic [5] , antiinflammatory [6] , anticonvulsant [7] , antipyretic [8] , enzyme inhibitory activities [9] .
Due to their ever growing applications, pyrazoles have received considerable interest in the field of therapeutics, therefore constitutes the important target structures in the pharmaceutical industry. Pyrazoles have immense medicinal and biological significance and hence knowledge of the effect of surfactants on their redox behavior at the solution mercury interface may prove very useful from the physiological point of view [10] . Keeping in view their wide spread applications, study of electrochemical reactions involving oxidationreduction are the most important because they are useful for enlighting the metabolic pathway of the drug containing pyrazoles.
Experimental
DC recording polarograph manufactured by ELICO Private Limited, Hyderabad, India was used for polarographic studies. pH measurements were made using pH meter Model L1-10, ELICO Private Limited, Hyderabad, India. All chemicals and solvents used were of analytical reagent grade procured from Merck, India. Double distilled water was used for the preparation of solutions.
Synthesis pyrazolin-5-ones
A mixture of appropriate diazonium cyano ester and toluene sulfonyl hydrazide in ethanol was refluxed for six hours and cooled. The crystalline solid separated was filtered, washed with water, dried and recrystalised from dimethylformamide (1:1). The physical characteristics of compounds synthesized are presented in the Table 1 . 
General experimental procedure
20 mL of buffer solution of required pH, 5 mL of pyrazolin-5-one (1 × 10 -2 M) and 20 mL of dimethylformamide were taken into the polarographic cell. The solution was made to a total volume of 50 mL with distilled water. Polarograms were recorded after deaeration with nitrogen gas.
Results and Discussions
The polarographic behaviour of 1-(Toluenyl sulfonyl)-3-amino-4-(2' and 4' nitro substituted aryl hydrazono)-2-pyrazolin-5-ones (I and II) was investigated in 40% v/v dimethylformamide in Britton-Robinson buffers of pH 1.1-10.1.
Involvement of protons in the reduction process
The compounds (I and II) exhibit two well-defined waves in the pH range 1.1 -7.1 and three waves in the pH range 8.1 -10.1. The half-wave potential of the first and second waves observed in acidic medium increases with increase in pH where as it remains constants in alkaline medium. The E 1/2 -pH plots are shown in the Fig. 1(A and B) . The fact that the half-wave potential values did not vary with pH in alkaline medium, suggests that the protons were involved in the reduction process. The fractional value of P presented in the Table 2 in different pH media suggests the heterogeneous proton transfer in the reduction process [11] . The height of the two waves observed in the acidic medium decreases with the increase in pH where as it remains constant in the alkaline medium. The decrease in wave height with increase of pH in acidic medium indicates that the reduction process was controlled by the rate of proton transfer. -E 1/2 -wave height plots are shown in the Fig. 2(A and B) .
Diffusion controlled nature of the wave
A plot drawn between wave height 'H' and square root of mercury column height 'h 1/2 ' is shown in the The effect of temperature on the polarographic reduction of compounds I and II was studied at pH 4.1. The results are presented in the Table 3 . The compounds I and II exhibit two welldefined waves at all temperatures studied (303-333 K) in media of pH 4.1. The temperature coefficient values (1.01 -1.31% deg -1 ) were in good agreement with the values reported in the literature [12] for other similar compounds. The irreversible nature of the wave was further supported by the shift of halfwave potential towards more negative values with raise in temperature. Further the decrease in transfer coefficient value 'αn a ' ( Table 2 ) with increase in temperature signifies the increasing irreversible nature with the increase in temperature.
The thermodynamic parameters, enthalpy of activation (∆H*), free energy of activation (∆G*) and entropy of activation (∆S*) and the heterogeneous formal rate constant (Kº f,h ) shown in the Table 4 were evaluated using the procedures proposed by Meites-Israel [13] , Oldham-Parry [14] and Gaur-Bhargava [15] . Following points may be inferred from the Table 4 .
f with increase in temperature suggests that the electrode reaction is becoming increasingly irreversible with the raise in temperature.
2) The positive values of ∆H* indicate that the process was endothermic.
3) The positive values of ∆G* indicate that the process was not spontaneous. The negative values of ∆S* indicate that the process was entropically unfavorable. Further the negative ∆S* values suggest that the activated state had more rigid structure than the initial state.
Millicoulometry
The number of electrons involved in the reduction of compounds I and II were found to be six and four for the first and second wave respectively in Britton-Robinson buffers of pH 4.1 containing 40% v/v dimethylformamide. Similarly three waves involving four, four and two electrons were noticed in media of pH 8.1. The millicoulometer of De Vries and Kroon [16] with the mercury pool cathode was employed to determine the value of 'n'. The results are presented in Table 5 .
Based on the above discussions the mechanisms shown in Schemes 1-4 were proposed for the polarographic reduction of compounds I and II.
Nature of the waves in acidic medium
The compounds I and II exhibit two waves in acidic medium. The compounds under investigation contain nitro (-NO 2 ) and hydrazono (>C=N-NH-) groups which are more susceptible for reduction at dropping mercury electrode under the given experimental conditions. Generally nitro group undergoes reduction at more negative potential than the azo group (-N=N-). However the latter in the hydrazono form (>C=N-NH-) undergoes reductive cleavage at more negative potentials than the nitro group [17] . The compounds under investigation exhibit the azo-hydrazono tautomerism [11, [18] [19] [20] . The increase in half-wave potential with increase in pH (1.1-7.1) indicates the involvement of the protons in the reduction process. A comparison of the half-wave potentials of the first wave with those of nitro benzene [21] suggests that the first wave was due to the reduction of the nitro group (-NO 2 ) to hydroxy ammonium ion (-
The second step of the first wave corresponds to the two-electron reduction of hydroxyl ammonium ion (-+ N H 2 OH) to amine (-NH 2 ). However phenyl hydroxyl amine is resistant to reduction in alkaline medium. In view of this, first wave observed in acidic medium in the present investigation is expected to have wave heights one and half times more than the first wave in alkaline medium. The results presented in the Table 6 reveal that up to pH 5 the wave height is one and half times more than the wave height of the first wave in alkaline medium. The first wave was a composite wave and was due to the four-electron reduction of -NO 2 to -+ N H 2 OH and two-electron reduction of -+ N H 2 OH to -NH 2 . Both the steps were taking place at the same potential, hence a single wave was noticed for the six-electron reduction of -NO 2 to -NH 2 . The second wave may be attributed to the four-electron reductive cleavage of >C=N-NH-group. This fact was confirmed by millicoulometric data ( Table 5 ).
Similar observations [22] were reported in the literature.
Nature of the waves in alkaline medium
The compounds I and II exhibit three waves in alkaline medium (8.1 -10.1). The waves were diffusion controlled and irreversible. Half-wave potential and wave height did not change with increase in pH (8.1 -10.1). The first wave was due to the four-electron reduction of -NO 2 to -NHOH. The -NHOH did not undergo reduction in alkaline medium as it is stabilized in alkaline medium. The second wave was due to the four-electron reduction of azomethine anionic form (>C=N-− N -). The anionic form (5 in Scheme 2 and 11 in Scheme 4) was susceptible to chemical cleavage to form heterocyclic carbonyl compound. The third wave was due to the two-electron reduction of heterocyclic carbonyl compound to the corresponding alcohol. 
Effect of substituent on the polarographic reduction
Heyrovsky [23, 24] was the first man to correlate the polarographic behavior of a representative number of compounds with their structure. He inferred that conjugate double bonds, triple bonds and aromatic rings play a significant role in determining the reducibility of a given compound. A perusal of the literature survey reveals that a little work was done on the effect of substituents on the polarographic behavior of substituted aryl hydrazono-2-pyrazolin-5-ones. For the compounds in aromatic series, structural correlations are usually done with σ P values. -E 1/2 -σ P plots are presented in Fig. 6(A and B) .
The effect of substituent is discussed in terms of Hammett equation. The values of the Hammett substituent constant were taken from the literature [25] . The values of specific reaction constant (ρ) calculated are given in the Table 7 . The low positive [26] values of ρ indicate the nucleophilic addition of electron to the substrate. This fact confirms that the electron uptake process was the potential rate determining step in all the reduction processes studied. 
Effect of cation on the polarographic reduction
Not much work was reported [27] on the effect of cation on ρ values of the polarographic reduction. Only few reports were available on the reduction of benzylidine acetone [28] and nitrobenzene [29] .
The ρ values are presented in the Table 8 . The increase in ρ values indicates the decrease in the susceptibility for nucleophilic addition with increase in the size of the cation. Similar trend was reported for benzylidine acetones [28] and N'-Benzyl sulfonyl arylazo pyrazoles [30] .
Effect of organic co-solvent on the polarographic behaviour
The presence of an organic solvent [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] in aqueous solutions effect the polarographic behavior. The solvent can effect both the wave height and half-wave potential. In view of this, the polarograms of the 1-(Toluenyl sulfonyl)-3-amino-4-(nitro substituted aryl hydrazono)-2-pyrazolin-5-ones were recorded at pH 4.1 in 50% v/v and 75% v/v aqueous solutions of organic solvent. The results are presented in Table 9 . It is evident from the results that the change in composition of the solvent does not bring any change in the number of waves and the shape of the polarogram. However, there was a change in the position of the wave on the potential axis. The presence of organic solvent caused a marked decrease in the diffusion current. The decrease in the diffusion current may be attributed to the decrease in the effective diffusion coefficient value. This may be due to the increase in the viscosity of the solution or the change in the size of the solvated species [45] . The half-wave potential values were shifted to more negative values in the presence of organic solvents and the magnitude of the shift depends on the nature of the solvent. The magnitude of shift was of the order DMSO < DMF < CH 3 CN < CH 3 OH. The trend parallels to that of the dielectric constant of solvents. This suggests that in aqueous solutions of aprotic solvents (50% and 75% v/v) the mechanism involves the addition of electron to the unprotonated substrate followed by the protonation of the anion. The diffusion controlled nature of the polarographic wave in the presence of organic solvent was evident from the linear plot of H versus h 1/2 passing through the origin. The semi log plots were linear and their slopes were more than the theoretically expected values of reversible waves. This indicates the irreversible nature of the electrode reaction in the presence of organic solvent. This infers that the mechanism of the electrochemical reaction was similar even in the presence of organic solvents although a marked shift in the diffusion current and the half-wave potentials were observed.
Effect of surfactants on the polarographic behavior
Adsorption of the electroactive substance at dropping mercury electrode is one of the major factors that effect the reversibility [46] [47] [48] or even the mechanism of the electrode reaction. Holleck and co-workers [49] [50] [51] reported that the surfactants adsorb strongly at the dropping mercury solution interface. Therefore the added surfactants usually inhibit the electrode reaction. In view of the fact that pyrazoles have extensive medicinal and biological applications, knowledge of the effect of surfactants on their redox behavior at the solution mercury interface is useful from physiological point of view [52] . The effect of surfactants on redox behaviour of these compounds is of immense importance since the surfactants are used in drugs as emulsifiers. Malik and Rajeev Jain [53] reported that the addition of surfactants beyond the concentration just sufficient to eliminate the maximum affected the reversibility of the electrode process. In view of this, effect of different surfactants on the polarographic reduction of 1-(Toluenyl sulfonyl)-3-amino-4-(nitro substituted aryl hydrazono)-2-pyrazolin-5-ones has been investigated in solutions of pH 4.1 and the results are presented in Table 10 . It may be noticed from the table that the reduction becomes more difficult and the wave height decreases with increase in the concentration of the surfactants. The shift of half wave potentials to more negative values may be due to the preferential adsorption of the surfactant at dropping mercury electrode. This result in the partial desorption of the depolarizer from the electrode surface and thus lowering the surface concentration of the depolarizer. Similar results were reported in the literature [54] . 
